Analysis of the DNA-binding properties of MyoD, myogenin, and E12 by fluorescence anisotropy.
MyoD and Myogenin are dominant myogenic regulatory factors (MRFs), which are involved in control of muscle-specific gene expression. The ubiquitously expressed E12 dimerizes with MyoD and Myogenin and has been shown to enhance their DNA-binding and transcriptional activities. In this study, fluorescence anisotropy assays have been used to determine the Gibb's free energy of dissociation (DeltaG) for MyoD, Myogenin, and E12 as homo- and heterodimers to the well-characterized myosin light chain enhancer (MLC), muscle creatine kinase (MCK) enhancer, and mutant thereof. The heterodimers of MyoD or Myogenin with E12 bound the MCK enhancer equally well (DeltaG = 21 kcal/mol). The homodimers varied dramatically in both MLC and MCK enhancer binding affinity. MyoD homodimer bound the MCK enhancer with the highest affinity (DeltaG = 19.6 kcal/mol) in comparison with the Myogenin homodimer-MCK interaction (DeltaG = 16.6 kcal/mol) and E12 homodimer-MCK interaction (DeltaG = 18.0 kcal/mol). The slope and shape of the binding isotherms revealed that with the exception of the E12 homodimer-MCK enhancer interaction, the other proteins bound with high levels of positive cooperativity. In contrast, the E12 homodimer-MCK enhancer interaction actually occurs with significant negative cooperativity. The binding of these proteins to MLC enhancer mimicked binding to the MCK enhancer, but with much lower affinities. These data support the hypothesis that DNA acts as an allosteric ligand facilitating the dimerization of these proteins. The combination of differential affinity and cooperativity explains why the heterodimers are the active species in transcriptional regulation.